The parietal cell (PC) plays an important role in normal gastric physiology and in common diseases of the stomach. Although the genes involved in acid secretion are well known, there is limited molecular information about other aspects of PC function. We have generated a comprehensive database of genes expressed preferentially in PCs relative to other gastric mucosal cell lineages. PCs were purified from FVB͞N mouse stomachs by lectin panning. cRNA generated from PC-enriched (PC ؉ ) and PC-depleted (PC ؊ ) populations were used to query oligonucleotide-based microarrays. False-positive signals were filtered by using a new algorithm for noise reduction and selected results independently audited by real-time quantitative reverse transcription (RT)-PCR. The annotated database of 240 genes reveals previously unappreciated aspects of cellular function, including factors that may mediate PC regulation of gastric stem cell proliferation. PC ؉ and PC ؊ expression profiles were also prepared from germ-free mice 2 and 8 weeks after colonization with a clinical isolate of Helicobacter pylori (Hp)-the pathogen that produces acidpeptic disease (gastritis, ulcers) in humans. Whereas PC ؉ gene expression was remarkably constant, the PC ؊ fractions demonstrated a robust, evolving host response, with increased expression of genes involved in cell motility͞migration, extracellular matrix interactions, and IFN responses. The consistency of PC ؉ gene expression allowed identification of a cohort of 92 genes enriched in PCs under all conditions studied. These genes provide a molecular profile that can be used to define this epithelial lineage under a variety of physiologic, pharmacologic, and pathologic stimuli.
genome anatomy project ͉ gnotobiotic mice I n the mouse and human stomach, epithelial renewal occurs continuously in anatomically distinct, tubular-shaped mucosal invaginations known as gastric units. The multipotent gastric stem cell resides in the middle region (isthmus) of each unit (1) , and gives rise to three principal descendant lineages: mucus-producing pit cells that differentiate as they migrate apically (2) , zymogenic cells that differentiate during a downward migration to the base of the gastric unit (3) , and parietal cells (PCs), which, unlike the other lineages, differentiate within the isthmus and then migrate apically and basally (4) .
In this report, we describe an approach for retrieving PCs from the intact stomach in a fashion that allowed us to obtain a comprehensive and consistent molecular profile of PC gene expression under a variety of well-defined environmental conditions. This approach, applicable to other epithelial lineages, represents the first contribution to a mouse Gastric Genome Anatomy Project (mG-GAP) designed to provide molecular characterization of all of the principal gastric epithelial cell lineages.
The PC was selected to initiate mG-GAP for several reasons. First, this highly specialized acid-secreting cell has attracted a great deal of interest because of the common occurrence of acid peptic disease in humans. Second, although its acid-secreting pathways have been studied extensively and are the targets of numerous drugs, other PC functions remain poorly characterized. For example, genetically engineered ablation of PCs in transgenic mice blocks terminal differentiation of zymogenic cells and increases proliferation of the multipotent stem cell and its immediate committed daughters (5, 6) . Genetic mosaic analysis of mice containing mixtures of gastric units with or without parietal cell ablation revealed that these effects occur only in units lacking PCs, leading to the hypothesis that PCs elaborate locally acting factors that shape the stem cell niche and regulate zymogenic cell differentiation (6) . Third, PCs were selected because they are abundant in the gastric epithelium and produce unique surface glycans that can be used for purification.
One goal of functional genomics is to generate searchable, annotated databases of genes expressed in normal cells so that the full breadth of cell biological activities can be inferred (7) . Another is to use this information to detect and define disordered cellular function in disease states, with the expectation that such information will lead to earlier and more accurate diagnoses, to more specific therapies, and to more precise monitoring of therapeutic responses. Therefore, our analysis of PC gene expression was extended to germ-free (GF) mice, and ex-germ-free mice that had been colonized for 2 or 8 weeks with Helicobacter pylori (Hp). Hp colonizes Ϸ50% of humans, and produces severe pathology, including gastric and duodenal ulcers, in a subset of its hosts (8, 9) . The effect of Hp on PC function is controversial, and the relative contributions of PC and non-PC cell lineages to the pathogenesis of gastritis and ulcer disease remain unclear. Using DNA microarrays, we demonstrate the remarkable stability of PC gene expression during Hp infection, and identify a broad repertoire of host responses induced in non-acid-secreting cells.
Materials and Methods
Isolation of PC-Enriched and PC-Depleted Populations from Conventionally Raised FVB͞N Mice. Six 6-to 12-week-old animals (equivalent numbers of males and females) were used per preparation (n ϭ 6 independent preparations). Stomachs were excised, the proximal third (forestomach) discarded, the remaining two thirds opened, and the glandular mucosa was recovered by scraping. The scraped mucosa was minced under ice-cold HBSS-Hepes [Hanks buffered saline solution͞10 mM Hepes͞1ϫ minimum essential amino acids (Invitrogen)͞1 mM glutamine͞0.1% BSA͞0.25 g/ml amphotericin B͞100 units/ml penicillin͞100 g/ml streptomycin, pH 7.4]. Minced material from three stomachs was pooled. The two pools generated from the six stomachs were then processed in parallel as follows: (i) two washes each by centrifugation (200 ϫ g, 2 min, 4°C; 10 ml HBSS-Hepes͞wash); (ii) 90 min incubation (4°C) in 10 ml of pronase (Roche) digestion solution [1 mg enzyme͞ml HBSS-HCO 3 Ϫ (HBSS as above with 12 mM sodium bicarbonate in lieu of Hepes)]; (iii) agitation for 10 min [orbital shaker (200 rpm), 37°C]; (iv) incubation for 5 min (23°C) to allow intact tissue fragments to settle by gravity; (v) removal of the upper 7 ml of the resulting supernatant (defined as ''digestate'' and collected into a fresh tube on ice); and (vi) replacement of the removed digestate with an equal volume of a solution containing 1 mg (125 units) crude type IA collagenase (Sigma) per ml HBSS-HCO 3 Ϫ followed by another round of steps iii-v.
Digestates were collected from a total of 4 rounds of steps iii-vi. As each digestate was collected, it was immediately triturated, the suspension passed through a nylon filter (30 m pore; Millipore), and enzyme activity in the filtrate quenched by transfer to 15 ml ice-cold HBSS͞10% calf serum. After the pooled, quenched solution was centrifuged (1000 ϫ g, 8 min, 4°C), the pellet was resuspended (in 4 ml ice-cold HBSS-HCO 3 Ϫ plus 4 ml 2% BSA in Ca 2ϩ ͞Mg 2ϩ -free HBSS) and filtered (20 m pore). The filtrate was incubated (15 min, 4°C) with magnetic beads conjugated to Dolicos biflorus agglutinin (DBA, EY Laboratories; Ϸ50 beads per parietal cell). Beads were prepared by incubating 2.5 M biotinylated DBA in HBSS͞2% BSA with streptavidinconjugated magnetic beads (Polysciences) for 15 min (23°C), followed by several washes in HBSS͞2% BSA. DBA-magnetic beadcoated cells were pelleted (4 min; magnetic tube stand packed in ice). Two more cycles of lectin panning were performed. Cells in the final pellet were lysed by needle trituration in 350 l RLT buffer (Qiagen, Chatsworth, CA) before RNA extraction (see below).
To generate PC-depleted (PC Ϫ ) cell populations, supernatants from the first two rounds of magnetic bead-DBA lectin panning were pooled, a fresh aliquot of beads was added, and after a 10 min incubation (4°C), contaminating PCs were removed by magnetic separation. The supernatant was centrifuged (1000 ϫ g, 8 min, 4°C), the pellet resuspended in 1.4 ml HBSS͞2% BSA, and subjected to a final round of lectin panning. Cells in the supernatant were pelleted (1500 ϫ g, 5 min) and lysed as above.
Cells from PC ϩ and PC Ϫ preparations were smeared onto glass slides, fixed in 70% ethanol, rehydrated in PBS, and stained using a modified Maxwell technique (10) to score the fractional representation of parietal, zymogenic, and mucus-producing cells. were killed 2 or 8 weeks later (n ϭ 6 mice per experiment; three independent experiments per time point). PC ϩ and PC Ϫ fractions were prepared from ex-GF-Hp ϩ and age-matched GF controls using a protocol identical to that employed for conventionally raised mice, except that a 2-ϫ 2-mm fragment from the distal stomach (antrum) was taken to quantitate Hp1 cfu (11) . DNA Microarray Studies. RNA was isolated from PC ϩ and PC Ϫ lysates using the RNeasy kit (Qiagen). Equivalent amounts of RNA from each preparation were combined to create PC ϩ and PC Ϫ pools representing each condition (i.e., conventionally raised, GF, ex-GF-Hp ϩ ). cRNA targets were generated (12) and hybridized to Mu11K GeneChip sets (Affymetrix, Santa Clara, CA). Overall fluorescence intensity across each chip was scaled (intensity ϭ 150) using GENECHIP software. Pairwise comparisons of the levels of transcripts in PC ϩ vs. PC Ϫ RNAs were performed as described below.
Recovery of PC

SYBR-Green-Based Real Time Quantitative Reverse Transcription
(qRT)-PCR. qRT-PCR was performed with gene-specific primers (see supporting information on the PNAS web site, www.pnas.org; or see http:͞͞gordonlab.wustl.edu͞mills͞parietalcells) and oligo(dT)-primed cDNA synthesized from DNase-treated RNAs. Each reaction contained 1ϫ SYBR Green PCR Master Mix buffer (Applied Biosystems), 0.25 units UDP-N-glycosidase (Life Technologies, Grand Island, NY), 900 nM forward and reverse primers, and cDNA. A melting curve was used to identify a temperature where only amplicon, and not primer dimers, accounted for SYBR Green-bound fluorescence. Assays were performed in triplicate using an Applied Biosystems Model 7700 instrument. All data were normalized to an internal glyceraldehyde-3-phosphate dehydrogenase mRNA control (⌬⌬CT analysis).
Results and Discussion
Generating a Database of Genes Preferentially Expressed in Parietal
Cells. To generate a comprehensive database of mRNAs enriched in PCs relative to other cell types in the adult FVB͞N mouse stomach, we took advantage of the fact that only the PC lineage expresses GalNAc␣(1-3)Gal-containing glycans recognized by DBA (13) . Lectin panning with magnetic bead-DBA conjugates was used to purify PCs from dispersed gastric mucosa harvested from conventionally raised mice. In each of six independently prepared PC ϩ fractions, Ͼ80% of all cells were PCs. In contrast, PCs accounted for Ͻ5% of all cells in PC Ϫ fractions (Fig. 1) . The PC Ϫ fraction contained pit cells (35%), neck and zymogenic cells (22 and 26%, respectively), plus other mucosal constituents (epithelial precursors, fibroblasts, and endothelial cells).
RNAs were pooled from the six independent preparations of each fraction (n ϭ 6 mice per preparation), and cRNAs were used to interrogate Affymetrix Mu11K GeneChips containing probe sets representing Ϸ11,000 mouse genes and expressed sequence tag (EST) clusters. Chip-to-chip comparisons of PC Noise filtration. GeneChips produce a false-positive rate of 1-2% (14, 15) . The most common way to filter false-positives from GENECHIP comparisons is to impose a threshold requirement for Ն2-fold change in the level of a transcript under the experimental conditions studied (16, 17) . However, setting such a threshold is arbitrary and risks eliminating genes with biologically significant, albeit modest, differences in expression (18, 19) .
In light of these concerns, we designed a system for filtering false-positives based on the signal intensities of genes whose expression level is called ''changed'' in chip-to-chip comparisons of an identical RNA population (n ϭ 70 comparisons involving Ͼ30 independently generated RNA preparations from a variety of biological systems listed in ref. 20) . All changes in expression in such ''same-same'' comparisons were defined as false-positives. The distribution of signal intensities of the false-positives in baseline and partner Mu11K chips was used to develop a series of look-up tables (LUTs). The LUTs can be used to score transcripts whose expression level is called ''changed'' by GENECHIP software in comparisons of biologically distinct RNAs. LUT-derived scores range from 0 to 6, with 0 most likely and 6 least likely to represent noise (20) . Eliminating transcripts with LUT scores of Ͻ4 reduces falsepositives by 90% (see ref. 20 for details), and increases experimentto-experiment reproducibility to above that obtained by imposing an arbitrary Ն2-fold change threshold (LUTs and software needed to score datasets are deposited at http:͞͞gordonlab.wustl. edu͞mills).
The Database. A total of 647 probe sets in Mu11K GeneChips were called ''Increased'' by GENECHIP software in the PC ϩ to PC Ϫ comparison. Two hundred eighty-nine of these probe sets, representing 240 genes, had LUTs Ն4. This noise-filtered dataset was annotated and organized into functional categories. A complete list of the genes can be found in the supporting information on the PNAS web site or at http:͞͞gordonlab.wustl. edu͞mills͞parietalcells, with a subset presented in Table 1 . Only 8% have been previously reported as expressed in PCs. Twelve percent of the database is composed of ESTs with no discernible homology to known genes.
The list of preferentially expressed genes provides a view of the molecular underpinnings of the biological functions carried out by PCs. For example, proton pumps distributed across the PC plasma membrane consume a great deal of energy: 35% of the entries in the database (85 genes) are involved in various aspects of cellular energy metabolism; 66 encode mitochondrial proteins. Another 14% were categorized as acid secretion͞vesicular trafficking related. Some entries in the last category, such as ADP-ribosylation factor 1 (ARF1) and ezrin, are known PC products, whereas others-such as prenylated Rab acceptor 1, SARa GTPase, endobrevin, glioblastoma amplified sequence (NIPSNAP2), and sorting nexin 6-to our knowledge have not previously been reported as PC products.
PCs are also enriched in mRNAs encoding free radical scavengers that protect against potential damage from high rates of oxidative phosphorylation. Peroxiredoxin 2, glutathione peroxidase 4, mitochondrial superoxide dismutase, and catalase 1 are examples.
PCs maintain an intricate tubulovesicular membrane apparatus for exporting acid. Moreover, their large population of mitochondria use fatty acids to generate energy required for proton secretion. Accordingly, the PC ϩ database contains 21 genes involved in various aspects of lipid metabolism, including fatty acid absorption, synthesis, ␤-oxidation, and mitochondrial transport (see Table 1 and the supporting information on the PNAS web site and at http:͞͞gordonlab.wustl.edu͞mills͞parietal-cells). Four genes have roles in maintaining membrane bilayers: fatty acid desaturase, glutathione peroxidase 4, very long chain fatty acid elongase, and oxysterol binding protein.
Calcium signaling is intimately involved in the regulation of acid secretion (21) . Eleven genes preferentially expressed in PCs encode constituents of pathways involving the ubiquitous calciumdependent protein phosphatase calcineurin (PP3). Two aspects of PP3 function are represented: regulation of calcium-related signaling pathways (e.g., calcineurin inhibitor (Dscr1); calmodulin-2, and myosin regulatory light chain), and steroid hormone signal transduction (e. (23, 24) . Low molecular weight GH receptor is produced by alternative splicing and functions as a secreted GH binding protein (designated GHBP; refs. 25 and 26). PTH-like (related) peptide (PTHLP) affects cell division in a number of systems (27, 28) . Elimination of PCs from the isthmal stem cell niche of gastric units (as in tox176 transgenic mice; see introduction) could alter proliferation of lineage progenitors secondary to loss of these three PC-derived growth regulators. Vascular endothelial growth factor-B (VEGF-B) mRNA is also enriched in PCs. VEGF-B stimulates angiogenesis in growing tissues and could help PCs maintain blood supply in isthmal and other regions of gastric units. CD36 is a membrane-bound lipid scavenger that functions in cell-cell communication and phagocytosis of apoptotic bodies (29, 30) .
Real-time qRT-PCR provided independent confirmation that IGFBP-2, GH binding protein, PTHLP, VEGF-B, and CD36 mRNAs are enriched in PC ϩ compared with PC Ϫ fractions (Fig. 2) . Two genes known to be preferentially expressed in PCs (the catalytic ␣ subunit of H ϩ ͞K ϩ ATPase; aquaporin 4), as well as an EST (AA597222) we identified as one of the most highly enriched transcripts in PC ϩ RNA, were used as reference controls in the qRT-PCR analysis (data not shown). Additional evidence that parietal cells are the principal sources of IGFBP, GH binding protein, and PTHLP in vivo came from the results of a qRT-PCR analysis that showed that these three mRNAs are reduced in the intact PC-ablated stomachs of tox176 mice compared with their normal littermates (Fig. 2) .
A Gnotobiotic Mouse Model for Comparing the Responses of PC ؉ and
PC ؊ Populations to H. pylori Colonization. In most humans, H. pylori (Hp) infection is associated with development of mild gastritis, but Ϸ10% of hosts develop severe pathology, including gastric and duodenal ulcers, gastric carcinoma, and B cell mucosa-associated lymphoid tissue (MALT) lymphoma (8, 9) . The effects of Hp on PC functions during the early phases of infection remain unclear. Moreover, genetic variations among humans and their colonizing strains have made it difficult to develop hypotheses about the relative contributions of environmental, host, and bacterial factors to the destiny of Hp infection.
We reasoned that genetically and environmentally defined GF FVB͞N mice, colonized with an Hp isolate, could be used in concert with the functional genomic approaches described above to obtain a comprehensive set of molecular markers of the host response. Such markers could then be used in future studies to define the impact of bacterial genotypes on the evolution of host responses or the effects of various therapeutic interventions. Therefore, we characterized gene expression in PC ϩ and PC Ϫ populations harvested from GF FVB͞N mice inoculated with a clinical isolate of H. pylori and from untreated age-matched GF controls. This well characterized clinical isolate (Hp1) was recovered from a patient with gastritis and had been subjected to whole genome genotyping with DNA microarrays (31) . A single gavage of 10 7 cfu of Hp1 produces persistent infection with focal gastritis in conventionally raised FVB͞N mice (6, 11) . We used GF rather than conventionally raised mice because, unlike humans, mice normally have an abundant and ill-defined gastric microflora. In the absence of an entrenched microflora, Hp1 colonizes the stomachs of GF FVB͞N mice with 100% efficiency (n ϭ 40), a critical feature when cell populations must be pooled from multiple stomachs immediately after sacrifice. Moreover, any changes in gene expression observed in PC The core group of genes consistently expressed in a preferential fashion in PCs purified from conventionally raised, GF, and ex-GF FVB͞N mice colonized for 2 or 8 weeks with H. pylori strain Hp1. See the supporting information on the PNAS web site for additional details (fold differences between PC ϩ and PC Ϫ , LUT scores, gene-specific annotation, reference hyperlinks, unlisted ESTs). New, not previously reported in PCs; PC, previously reported in parietal cells; Hkp, general housekeeping; Mito, mitochondrial.
(n ϭ 6 mice per group; n ϭ 3 independent experiments), were used to produce cRNAs. None of the Ϸ11,000 genes represented on the Mu11K GeneChips satisfied all of the following criteria: (i) increased in the PC fractions, and also had LUT scores Ն4 (see the supporting information on the PNAS web site for a list of these probesets). Excluding transcripts encoding immunoglobulins, Hp1 induced expression of 99 unique genes. Only 16 have been previously associated with H. pylori infection (e.g., secretory leukocyte protease inhibitor, grb2, CD18, and L-selectin). These 16, and the 83 newly described host response genes, were placed into 8 categories: (i) related to IFN signaling (e.g., the endoplasmic reticulum-based IFN-␥-induced GTPase involved in protein processing in macrophages͞fibroblasts); (ii) lipopolysaccharide (LPS)-regulated responses (e.g., cathepsin S); (iii) actin͞cytoskeletal (e.g., prothymosin ␤4, regulates monomeric actin pools); (iv) extracellular matrix (ECM)͞cell motility (e.g., integrin ␤2); (v) protein turnover (e.g., proteasome subunit ␣10); (vi) signal transduction (e.g., JAK3; Ets-1, an oncogene that up-regulates ECM binding proteins such as integrins and ECM degrading enzymes such as urokinase plasminogen activator; Pim1, a Serine͞Threonine kinase associated with lymphomas); (vii) miscellaneous; and (viii) genes with unknown functions. One notable aspect of this early 2-week host response to Hp1 is that a number of the genes are known to be involved in the repair of damaged epithelia (cf. trefoil factors plus the constellation of proteins regulating cell movement listed in the PC Ϫ database in the supporting information on the PNAS web site; refs. 32 and 33).
To assess the specificity of the response of these 99 genes to colonization with Hp1, we examined which ones were also expressed at higher levels in conventionally raised compared with GF mice. Only 5 of the 99 were: trefoil factor 2, non-integrin laminin receptor, CD13, ␤-actin, melanoma-X-actin, and EST AA049952.
To assess the evolution of the host transcriptional response to Hp1, we extended our analysis to PC Fig. 3; plus data not shown) .
Thirteen of the 99 transcripts enriched in ex-GF-Hp ϩ compared with GF PC Ϫ RNAs after a 2-week infection also remained enriched after an 8-week colonization (see http:͞͞gordonlab. wustl.edu͞mills͞parietalcells for a list of the 16 non-Ig-encoding genes increased at 8 weeks). Although the overall response of PC Ϫ cells to Hp1 was markedly attenuated after 8 compared with 2 weeks of infection, most of the functional categories listed above are represented: e.g., three genes are known to be related to Hp infection (two MHC II transcripts, secretory leukocyte protease inhibitor); 9 genes help regulate actin and mediate migration through the extracellular matrix (e.g., coronin).
The only transcripts in the 8-week Hp1-infected PC Ϫ dataset not Fig. 2 . Expression of parietal cell-associated genes in PC ϩ vs. PC Ϫ fractions, and in the intact stomachs of normal mice and tox176 transgenic animals with an engineered ablation of the PC lineage. For GeneChip and qRT-PCR comparisons of expression in PC ϩ vs. PC Ϫ fractions, the level of each mRNA in the PC Ϫ fraction was arbitrarily set at 1. For qRT-PCR comparisons of gene expression in the stomachs of conventionally raised normal and tox176 mice, mRNA levels in tox176 RNA were set at 1. Error bar ϭ 1 SD (n ϭ four 14-to 16-week-old mice per group; at this age, multi and oligo-potential lineage progenitors comprise 1% of the total epithelial cell population in gastric units of normal mice and Ն10% in tox176 units). represented in the 2-week PC Ϫ dataset are an EST, MARCKSrelated protein, CEA-related protein 10, and Reg3␥. MARCKSrelated protein is widely expressed and is largely responsible for coordinating actin rearrangement with cell signaling (34, 35) . The function of CEA-related protein 10 remains unclear although it has been implicated in cell-cell adhesion (36) . Reg3␥ is a lectin expressed at high levels in the normal colon and in inflamed pancreas. It is up-regulated by bacterial lipopolysaccharide (LPS) and may play a protective role in bacterial infection (37, 38) .
Further Evaluation of the Restricted PC ؉ Response to H. pylori Infection. There are several reasons why the PC transcriptional response to Hp1, defined by normalized comparisons of PC ϩ and PC Ϫ fractions, might appear restricted. Infection could change the properties of PCs in ways that affect their survival before or during their purification, thereby producing shifts in the composition of the PC ϩ fraction recovered from the stomachs of GF vs. ex-GF-Hp ϩ mice. Two observations argue against this scenario. First, we were unable to detect compositional differences with a combination of histo-and immunohistochemical stains. Second, qRT-PCR analysis of RNAs prepared from the intact stomachs of GF and age-matched ex-GF mice colonized for 8 weeks with Hp1 (n ϭ 3 per group), and from GF and Hp1-infected PC ϩ fractions, established that the relative levels of mRNAs encoding known PC markers were not significantly different (Fig. 3) .
Another reason why the parietal cell-specific transcriptional response may appear restricted is that some genes are induced in both PC ϩ and PC Yet another possible reason for the restricted PC ϩ response is that there are sporadic changes in PCs, so that at any given time the PC population as a whole is not appreciably affected. However, the same functional genomics approach disclosed broad changes in the PC Ϫ population, indicating that, even if the response of the gastric mucosa to colonization is intermittent and͞or focal, changes in host gene expression can be detected using this approach. We conclude, therefore, that the preponderance of host responses to Hp infection in this gnotobiotic model originates in the PC Ϫ fraction.
A Metaanalysis of Gene Expression in Parietal Cells. The points raised in the preceding paragraphs about the transcription response of PCs to Hp1 infection led us to examine the consistency of expression of genes in the PC ϩ database under a variety of environmental conditions. We considered all mRNAs identified by the DNA microarray analysis as increased in PC ϩ versus PC Ϫ populations recovered from GF mice (at 8 and 14 weeks of age), from conventionally raised animals, and from ex-GF mice colonized with Hp1 for 2 or 8 weeks. Eighty-two percent of the transcripts in the conventionally raised PC ϩ dataset were present in datasets generated from at least one of the other conditions, while 38% were enriched in PC ϩ populations from all conditions ( Table 1 ). This degree of similarity is remarkable given the degree of reproducibility reported for GeneChip data (i.e., 25-50% with duplicate chip-to-chip comparisons; refs. 20, 39, and 40) . Further evidence of the constancy of gene expression was provided by qRT-PCR studies of PC ϩ RNAs prepared from GF and ex-GF mice. The results reveal Յ2-fold differences in levels of ␣-subunit of H ϩ ͞K ϩ ATPase, IGFBP2, PTHLP, CD36, and EST AA597222 mRNAs among these preparations (data not shown). The 92 transcripts (107 probe sets) enriched in PC ϩ populations recovered from all gastric environments sampled provide a functionally diverse profile of the molecular features of the parietal cell lineage. This constellation of molecular markers should be useful in defining this lineage under a variety of physiologic and͞or pathologic conditions. Although our definition of parietal cell gene expression currently derives from a comparison with the multicomponent PC Ϫ population, we anticipate that a more refined molecular signature of PCs will be forthcoming as additional gastric epithelial lineages are purified and profiled.
